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1 
ABSTRACT 
Ultrasonic telemetry was used to study habitat 
preference, activity patterns, and home range of four adult 
male and four adult female northern pike in a deep, eutrophic, 
glacial lake in northwest Iowa. The pike preferred vegetated 
areas 2-5 m deep. Females inhabited significantly deeper 
water (mean depth=4.8 m) than did males (mean depth=3.4 m), 
and were associated with vegetation and a soft substrate less 
often. These sexual distinctions in habitat use may, however, 
actually reflect size-related behaviors because females were 
larger than males. Average depth occupied by females 
increased with increasing water temperature, but there was no 
consistent seasonal change in behavior in either sex except 
during the spawning season. During daylight, the pike were 
more active and were associated more with vegetation than at 
night. This is believed to be due to differences in foraging 
behavior under high and low light intensity. Behavior was 
independent of meteorological conditions. All fish occupied 
home ranges ranging in size from 5.4 to 47.8 ha for periods of 
2 to 11 months. Home range characteristics seemed to be 
related to the location of appropriately-sized prey. 
2 
INTRODUCTION 
The northern pike (Esox lucius L.) is a piscivorous fish 
which inhabits most waters of the North Temperate Zone above 
40 degrees latitude, and penetrating into the Arctic Zone 
(Toner and Lawler 1969). Its range has increased in North 
America through stocking practices in the southern and western 
United states (Crossman 1978). It is a commercially and 
recreationally important species through much of its range, 
being exploited for both food and sport. The northern pike 
also is economically important because it is the specific 
terminal host of the parasitic cestode Triaenophorus crassus, 
which reduces the market value of infected lake whitefish 
(Coregonus clupeaformis) and other salmonids (Miller 1952, 
Lawler 1965). 
Because of their large size, abundance, and predatory 
habits, northern pike (hereinafter referred to simply as 
"pike") are likely to be influential in determining ecosystem 
functioning (Mills et al. 1987). Pike may not only affect the 
behavior, survival, and abundances of prey species (Frost 
1954, Power et al. 1985, Mittelbach 1986), but also those of 
sympatric predators such as largemouth bass (Micropterus 
salmoides), smallmouth bass (~dolomieui) walleye 
(stizostedion vitreum) (Colby et al. 1987), and muskellunge 
(Esox masguinongy) (Toner and Lawler 1969, Crossman 1978, 
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Inskip and Magnuson 1983, Inskip 1986). 
Although aspects of pike biology such as early life 
history and predator-prey relationships are well understood, 
the behavior of individual pike in the natural environment is 
not as well known. For example, Carbine and Applegate (1948) 
reported that smitt in 1892 and Hessle in 1934 found evidence 
of home-range use by pike. Since these early reports, several 
other studies have produced concurring results (Malinin 1969, 
1970b, Chihuly 1979, Makowecki 1973, Ross and winter 1981, 
Headrick 1985, Margenau 1986), while other researchers have 
determined that pike do not restrict their movements to home 
areas (Moen and Henegar 1971, Diana et ale 1977, Bregazzi and 
Kennedy 1980, Diana 1980, Chapman and Mackay 1984b, Cook and 
Bergersen 1988). 
Typically, pike are characterized as inhabitants of 
shallow weedy areas of clear lakes and streams (Toner and 
Lawler 1969, Malinin 1971, Crossman 1978). However, there is 
evidence that large pike may not follow this pattern, 
utilizing instead a wider variety of habitat types (Chihuly 
1979, Grimm 1981, Chapman and Mackay 1984a, 1984b). 
In early spring pike migrate to spawn in areas of shallow 
water containing decomposing vegetation (Carbine and Applegate 
1948, Miller 1948, Franklin and smith 1963, Bregazzi and 
Kennedy 1980). Except for the spawning season and the period 
of intense feeding immediately following it, most authors have 
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found no evidence of well defined seasonal patterns in 
behavior (but see Dymond 1926, Casselman 1975, Headrick 1985). 
The nature of diel patterns in behavior of pike is 
debated. Some authors have found greatest activity or feeding 
during daylight hours (Carlander and Cleary 1949, Malinin 
1969, Toner and Lawler 1969, Diana 1980, Margenau 1986), while 
others have found greatest activity at night (Ivanova 1969, 
Lawler 1969), or during crepuscular hours (Malinin 1970b, 
1971, Poddubnyi et al. 1970). Cook and Bergersen (1988) found 
no significant diel changes in activity, but did find diel 
variation in habitat use. Diana (1979) found no changes in 
the number or weight of prey in pike stomachs over 24-hour 
periods. The laboratory pike of Casselman (1978) were more 
active at higher light intensities, while catch per unit 
effort (C.P.U.E.) in a lake was highest at twilight and at 
night. Thus there is little agreement about temporal 
periodicity in pike behavior, especially diel patterns. 
The response of individual pike to various environmental 
changes has not been well studied, although Malinin (1971), 
Casselman (1978), Chapman and Mackay (1984b), Margenau (1986), 
and Cook and Bergersen (1988) have reported behavioral 
responses to changes in weather. Casselman (1978) found a 
relationship between water temperature and pike activity, 
Chapman and Mackay (1984a) recorded a disappearance of pike 
from the littoral zone following the beginning of the autumn 
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turnover, Vollestad et al. (1986) found that pike were more 
pelagic in turbid waters, and Margenau (1986) found movements 
of pike in response to the formation of ice. To my knowledge 
no one has attributed seasonal changes in behavior to the 
growth of aquatic macrophytes, which is surprising considering 
the reputed importance of macrophytes to pike behavior. 
A better understanding of pike behavior will provide 
insight into the functioning of ecosystems in which pike 
occur. For example, habitat use patterns of pike may have 
important impacts on prey species behavior (Charnov et al. 
1976, stein and Magnuson 1976) and other aspects of ecosystem 
functioning such as interspecific competitive interactions, 
and nutrient cycling (Saiki and Tash 1979, Power et al. 1985, 
Mittelbach 1986, Mills et al. 1987). By studying the various 
predators in a particular ecosystem, we can determine the ways 
in which these predators divide resources among themselves. 
Such knowledge concerning the behavior of pike can 
provide several practical benefits. Because pike are often 
difficult to capture outside of the spawning season (Margenau 
1986), predictions of pike location and activity patterns can 
benefit sport, commercial, and SUbsistence anglers. Likewise, 
managers and researchers wishing to study pike would benefit 
by increased efficiency in the capture of study animals, and 
this should lead to more effective management of stocks. 
Managers wishing to stock species of fishes or influence their 
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abundances would benefit by understanding the habitat 
requirements and preferences, prey preferences, and 
. competitive interactions between various species (Sale 1979, 
Inskip 1982, Peek 1986:80, Colby et ale 1987). 
In the past, methods for studying habitat preferences, 
home range use, homing, and activity patterns required the 
capture of a large number of animals. For fishes, nets of 
various kinds were usually used for capture, or angling 
records were used. However, these methods had several 
shortcomings: all methods are selective to some degree, 
selecting fish by size, behavior, motivational state, 
activity, etc.; no method of capture is equally efficient in 
all habitat types; the relative rarity of recaptures permitted 
little study of individual fish, and it is unknown if repeated 
recaptures affect fish behavior; angling may be biased because 
fish may not feed in areas they frequently occupy; the capture 
of fish in one place does not rule out occupation of other 
locations by conspecifics (Winter and Ross 1981); capture 
mainly at night may result from net avoidance during the day 
rather than nocturnal activity patterns (Malinin 1970a, 
Leggett and Jones 1971, Chihuly 1979). Moreover, pike are 
difficult to capture outside of the spawning season (Margenau 
1986), and thus numbers of study fish are generally low. 
Telemetry is superior to other methods of studying fish 
behavior because it permits detailed investigation into the 
7 
behavior of individual animals over long periods of time, 
while minimizing disturbances to them. Most past telemetric 
. investigations into the behavior of pike (Malinin 1971, Diana 
et ale 1977, Diana 1980, Chapman and Mackay 1984b, Margenau 
1986), however, have utilized relatively short-lived 
transmitters (transmitter life from several days to several 
months) •. The behavior of the pike in these studies may have 
been affected to various degrees by capture, and attachment of 
the transmitters (Winter 1983, Manns and Whiteside 1979). 
In this study, I used ultrasonic telemetry to study the 
behaviors of pike in West Lake Okoboji, Iowa. The 
transmitters used were surgically implanted and had a life 
expectancy of over one year, thus minimizing the effects on my 
results of post-handling changes in behavior associated with 
capture and transmitter attachment. 
The goals of this study were to determine habitat 
preferences and activity patterns of adult pike and to compare 
these with results of studies of pike behavior from other 
locations, and with the behaviors of the other top predators 
in West Lake Okoboji. These comparisons could then shed light 
on the functional interactions between the top predators in 
West Lake Okoboji, and perhaps other ecosystems as well. The 
specific objectives of this study were to: 1) determine 
habitat preferences of West Lake Okoboji pike, in terms of 
depths utilized, and vegetation and substrate associations; 2) 
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determine the behavioral responses (movements, activity 
patterns, habitat shifts) of West Lake Okoboji pike to 
seasonally and daily varying environmental factors such as 
temperature, macrophyte growth, light intensity, and weather; 
3) determine if there are behavioral differences between pike 
of different sizes or sexes; and 4) determine how these 
habitat associations and activity patterns reflect functional 
interactions with other West Lake Okoboji top predators. 
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METHODS 
Study Area 
West Lake Okoboji is part of a chain of interconnected 
glacial lakes in Dickinso~ County, northwestern Iowa, known as 
the "Iowa Great Lakes" (Fig. 1). The Iowa Great Lakes are 
made up of five lakes having essentially the same water level 
(West Lake Okoboji, East Lake Okoboji, Upper Gar Lake, Lake 
Minnewashta, and Lower Gar Lake), and Big spirit Lake, which 
lies north of East Lake Okoboji and has a water level 1.5-2 m 
higher than the other lakes. Fishes can move between the 
lower five lakes via the narrow connections between them. 
West Lake Okoboji is eutrophic, has a mean depth of 11.9 
m, a maximum depth of 42.7 m, and an area of 1540 ha (Bachmann 
et al. 1966). There is a deep central basin, and several 
large shallow bays (Fig. 2). A thermocline forms in most 
summers, the top of which is usually at about 10 m (Jones and 
Bachmann 1974). Macrophytes are found throughout the lake in 
water shallower than about 6.5 m (Crum and Bachmann 1973). 
The dominant large prey fishes of West Lake Okoboji are 
yellow perch (Perea flavescens), bluegill (Lepomis 
macrochirus), black bullhead (Ictalurus melas) and black 
crappie (Pomoxis nigromaculatus). There are large populations 
of freshwater drum (Aplodinotus grunniens), buffalo (Ictiobus 
spp.) and other suckers (Catostomidae), and carp (Cyprinus 
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Figure 1. The Iowa Great Lakes. Big Spirit Lake lies north 
of East Lake Okoboji 
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Figure 2. Bathymetric map of West Lake Okoboji. contour 
intervals in meters. "T" denotes location of 
transect used to monitor vegetation growth. "P" 
denotes locations where weekly temperature and 
dissolved oxygen profiles, and Secchi disk depths, 
were taken 
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carpio). other common predatory fishes include smallmouth 
bass, largemouth bass, and walleye; and muskellunge are also 
present (see Appendix). 
Procedures 
Between April 21 and 24, 1985 six adult (4 female, 2 
male) pike were caught at several sites with 30 m by 2 m, 12.7 
cm bar mesh gill nets set with one end against shore (Fig. 3). 
The fish were transported to Iowa Lakeside Laboratory on the 
west shore of Miller's Bay (Fig. 2). Two other males (M3 and 
M4), gill netted from unidentified sites in West Lake Okoboji, 
were obtained April 24 from the Spirit Lake Fish Hatchery of 
the Iowa Department of Natural Resources and also brought to 
the laboratory. Three fish were caught later in the season by 
other methods to replace those which died during the study. 
Fish were assigned an alpha-numeric identification, where "M" 
represents male, and "F" represents female. Numerals indicate 
the size rank (total length, TL) of a fish within its sex, "1" 
being the smallest fish. 
At the laboratory, each fish was anaesthetized in MS-222, 
then weighed, measured (TL), and its sex determined. Then, a 
transmitter was surgically implanted into its coelom through 
an incision made off the mid-ventral line between the pelvic 
and pectoral fins. surgical instruments and transmitters were 
sterilized in ethanol or isopropanol before surgery. Size 2-0 
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Figure 3. capture and release sites (lower case letters) and 
home range locations (upper case letters). M=male, 
F=female. Numbers denote size rank within a sex 
(l=smallest) 
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or 3-0 Ethicon Ethilon nylon suture with a cutting needle was 
used to close the incision. A Floy tag attached below the 
.dorsal fin was used to identify the individual fish by sight. 
One ml/kg of 50 mg/l oxytetracycline was injected through the 
incisions of fish F3 and F6 (which were caught to replace fish 
which had died) to help ward off infections which become more 
serious in warmer water. No other fish received antibiotics. 
After surgery was completed, the fish were allowed to regain 
equilibrium in a lake-water flow-through tank before release. 
The entire procedure required around 30 minutes, after which 
each fish was immediately released from shore as near to its 
capture site as possible. The two fish from unidentified 
capture sites were released from shore at the laboratory (Fig. 
3). This location was not their capture area, because no gill 
netting had occurred there when the fish were caught. This 
provided an opportunity to study the effect of artificial 
displacement on subsequent behavior. 
Three fish which died or were creeled were replaced with 
others which were caught by gill net, purse seine, and angling 
(Table 1). One of these replacements (F6) died soon after 
release. Data were collected, therefore, from ten of the 
eleven fish. The data from fish M5 were not used in the 
statistical analyses, because the fish did not remain in the 
defined study area (West Lake Okoboji), and thus did not have 
the same habitats available to it. Data from another fish 
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Table 1. capture and release dates, capture methods, 
lengths, weights, and ages of the study fish 
Fish Date Date capture Length Weight Age at 
Captured Released Method (cm) (kg) capture 
F1 
F2 a 
F3 
F4 
F5b 
F6b 
M1a 
M2 
M3 
M4 
M5 
4-21-85 
4-21-85 
6-20-85 
4-22-85 
4-21-85 
9-13-85 
4-24-85 
4-21-85 
Unknown 
Unknown 
1-30-86 
4-21-85 
4-21-85 
6-20-85 
4-23-85 
4-22-85 
9-13-85 
4-25-85 
4-21-85 
4-24-85 
4-24-85 
2-04-86 
Gill net 75.4 
Gill net 82.8 
Angling 83.5 
Gill net 90.2 
Gill net 79.2 
Gill net 75.6 
Trap net 61.0 
Gill net 64.5 
Gill net 68.1 
Gill net 78.7 
Purse seine 75.0 
2.72 
5.10 
3.86 
4.14 
3.06 
2.63 
1.41 
1.53 
1. 63 
2.86 
2.61 
5 
4 
4 
6 
5 
3 
5 
3 
6 
3 
-------------------------------------------------------------
aCreeled during the course of the study. 
bDied of undetermined causes. 
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(P5) were not used in the analyses because the fish was in 
questionable health after release, and therefore may have 
. behaved abnormally. Thus, data from eight fish were used in 
the analyses. The capture and release dates, length, weight, 
sex, and capture method for all fish are shown in Table 1. 
The transmitters, obtained from sonotronics, Inc., of 
Tucson, Arizona, were coded (by pulse pattern) so that 
individual fish could be identified. Ultrasonic transmitters 
were used in order to take advantage of the greater accuracy 
provided, as compared with radio telemetry, and so that 
locating the fish would have been possible in deep water 
(stasko and Pincock 1977, Gerber and Haynes 1988). The 
transmitters operated at about 75 kHz, and the time between 
transmitter pulses varied inversely with temperature so that 
transmitter temperature (and thus fish temperature) could be 
calculated. The transmitter pulse rate-temperature 
relationship was determined, for temperatures from 0-30°C, for 
each transmitter before use. The transmitters had a mean 
lifespan of 14 months according to manufacturer's 
specifications, and were 82 mm long, 16 mm in diameter, and 
weighed 8 g in water. Ratios of transmitter weight (in water) 
to fish weight ranged from 0.0016 to 0.0057, which is within 
the recommended size range (winter 1983). 
Tracking of fish, using a Sonotronics directional 
hydrophone and receiver, was by outboard motorboat and began 
20 
on June 3, 1985. Thus, data were not collected for at least 
41 days after transmitter implantation for all but fish F3, 
for which data collection began after four days. Tracking 
lasted until the lake became frozen over in November. In 
summer 1985 (June through August) tracking of all fish was 
conducted four days per week. During a typical .summer day, 
tracking was begun at dawn (approximately 05:00), 10:00, 
16:00, or dusk (approximately 21:00); the starting times for 
each day were randomly selected each week. One day each week, 
a single fish was located every 1 to 3 hours over a 24 hour 
period. The fish and the day were randomly chosen each weeki 
whether a male or female was chosen was alternated each week. 
Often, weekly schedules had to be adjusted to compensate for 
strong winds. outside of the summer 1985 season, tracking 
occurred mainly on weekends; times of tracking were determined 
mainly by weather conditions. Observations during fall of 
1985 occurred on four days in September, six days in October, 
and two in early November. The ice cover melted by April 3, 
1986. Tracking resumed from April 7 to April 11, 1986. The 
rest of the 1986 tracking effort occurred May 19 to May 22. 
At each fish location event, the boat was maneuvered 
directly over the fish whenever possible, anchored, and an 
approximate boat location was marked on a 1:7920 scale map of 
the lake. For a more precise determination of location, a 
sextant was used to measure angles between the boat and 
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landmarks on shore. These sextant angles were later used to 
determine more accurate fish locations by triangulation on 
. lake maps. Also at each contact, the time of day, fish 
identity, fish temperature and activity were recorded. A fish 
was considered "active" if it moved 10 m or more during the 
15-20 minutes required to collect data at that contact. A 
grappling-type boat anchor was dragged along the substrate to 
determine substrate type (firm or soft) and presence or 
absence of macrophytes in the immediate area (i.e., vegetation 
association). with this piece of equipment, I would collect 
macrophytes where a depth finder showed none, and test 
comparisons with a Petersen dredge yielded identical results 
for substrate type. water depth, distance to shore, water 
temperature, Secchi disk depth, wind velocity (calm, light, 
moderate, strong: roughly corresponding to 0, 8, 16, and 24 
km/hr), wind direction, and sky conditions (clear, partly 
cloudy, overcast) were also determined. 
Various environmental parameters were periodically 
recorded. Daily high and low air temperatures were recorded 
at Iowa Lakeside Laboratory using a maximum-minimum recording 
thermometer. Midlake dissolved oxygen concentration (D.O.) 
and temperature profiles were taken weekly using a Yellow 
Springs Instruments Model 57 oxygen-temperature probe. A 
midlake Secchi disk reading was also taken at this time. 
Dissolved oxygen and temperature profiles of Emerson's Bay 
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were taken weekly. A transect was run weekly across North Bay 
with a Lowrance model LRG-610A recording depth finder to 
. record macrophyte growth (Fig. 2). 
Burt (1943) defined home range as "that [restricted] area 
traversed by the individual in its normal activities of food 
gathering, mating, and caring for young." He also stressed 
that exploratory movements should not be considered part of 
the home range. Gerking (1953) defined home range as "the 
[restricted] area over which the animal normally travels." 
Because at most times of the year pike are not mating or 
caring for young, we can assume that home range use is 
primarily related to feeding. Movements of pike during the 
spawning season, therefore, were not included here in the 
determination of home range size and location. However, there 
is no consensus as to the amount of time an animal must occupy 
a restricted area before that area should be defined as a home 
range. When the pike locations were triangulated onto maps, 
obvious and well-defined clusters of points were apparent. 
For such a cluster to be designated as representing a home 
range, a minimum residence time of 14 days was arbitrarily 
set. In delimiting a home range, a point near a cluster, but 
not obviously inside nor outside of it was excluded if the 
fish subsequently kept moving further away from the area. If 
the fish moved back toward the center of the cluster within 
several days, then the point was included. In the one case 
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where a fish had two noncontiguous clusters, each was 
designated a home range separate from the other. This was 
. because the fish did not move freely between the two areas, 
but rather abandoned one before moving to the other. 
Using the maps of plotted locations for each fish, the 
distances of the fish from shore were determined using a 
HIGRAPH-II/APPLE digitizer pad and an Apple lIe computer. 
Home range sizes were measured by planimeter using the minimum 
convex polygon method (Odum and Kuenzler 1955), and all points 
in a cluster were included. If a line of a polygon cut across 
land, the shoreline was followed so that land would not 
contribute to home range size. 
statistical Analysis 
Analysis of variance (ANOVA) was used to test for 
differences in activity level, vegetation association, and 
substrate association between the sexes. Because these 
initial analyses showed differences between males and females, 
two factor ANOVA was used to control for sexual differences 
while investigating behavioral responses to sunlight, cloud 
cover, wind velocity, substrate type, presence of vegetation, 
depth, and air temperature change. Two factor AN OVA also 
permitted investigation into differential responses to 
environmental factors of male and female pike. For all ANOVA 
analyses, the proportion of observations at which each fish 
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was active, associated with vegetation, or associated with a 
firm substrate was determined. These proportions were then 
transformed into the arcsin of their square roots for 
analysis. 
The 1985 data were divided into nine groups to 
investigate seasonal trends in activity, depth, and vegetation 
association. The first six groups are of convenient ten day 
periods through the summer (June 3 through July 28), the 
seventh covers late July through mid-August, the eighth 
represents late summer (mid-August through September), and the 
ninth covers the period of fall turnover (October through 
early November). 
Mean depth-use of each fish was determined, and these 
values were used to test for differences in that parameter 
between the sexes, using the wilcoxon test for unpaired data 
(Schefler 1979). 
To investigate the response of the fish to weather 
changes, the 1985 data were placed into three groups 
representing periods of warming air temperature, cooling 
temperature, and relatively stable temperature. A warming or 
cooling period was defined as beginning when a daily maximum 
temperature was at least 5.5°C (10 F) different (higher or 
lower, respectively) than the maximum temperature of either of 
the two preceding days. A warming period continued until a 
daily maximum temperature was lower than that of the preceding 
25 
day: similarly, a cooling period continued until a maximum 
temperature was greater than a preceding day's. Data from 
. days which did not fall into either of these two categories 
formed the third category, representing periods of relatively 
stable weather. The 5.5°C difference was chosen as a 
compromise between wishing to compare weather of extreme 
differences, and having enough observations in each group to 
make statistical comparisons. 
To determine if wind velocity was associated with the 
depth of water the pike used or the distance from shore at 
which they were found, depth and distance from shore values 
were plotted against the four wind velocity groups, and the 
plots were inspected for trends. The data from fish Ml were 
not used in these two graphs since it was located in an area 
from which it could not easily move far from shore. 
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RESULTS 
Lake and Weather Characteristics 
West Lake Okoboji's thermocline was rather deep in 1985, 
and was not well defined until late July (Fig. 4). By then, 
D.O. in the main basin diminished rapidly below 13 m, and was 
below 3 mg/l in water deeper than 17 m (Fig. 5). Emerson's 
Bay was stratified only in July; its hypolimnion was separate 
from that in the main basin. Outside of this period, 
Emerson's Bay temperatures and D.O. were like those of the 
main basin surface waters. In mid-July, D.O. in Emerson's Bay 
diminished rapidly below about 6.5 m, and was below 3 mg/l at 
about 7.5 m (Fig. 6). 
The depth finder recordings, from the transects run 
across North Bay, showed that vegetation occurred to a depth 
of 7.3 m, with the stands growing rather quickly to 3-4 m in 
height by mid-July, and then quickly declining in early 
September. 
Midlake Secchi disk readings were generally between 3 and 
5 m, being greatest in mid-summer and least during late 
August, September and October (Fig. 5). Secchi disk readings 
in the bays were slightly lower than in the main basin. 
The deep, poorly formed thermocline of 1985 was due to 
relatively low air temperatures and windy conditions that 
year. The wind was calm at 38 contacts with a fish, light at 
118 contacts, medium at 89 contacts, and strong at 42 
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Figure 4. Isothermograph of the main basin of west Lake 
Okoboji for 1985. Temperature in degrees Celsius 
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Figure 5. Isochemograph of dissolved oxygen concentration 
(mgjl) of the main basin of West Lake Okoboji for 
1985. Black rectangles denote midlake Secchi disk 
depth 
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Figure 6. Isochemograph of dissolved oxygen concentration 
(mg/l) of Emerson's Bay for 1985 
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contacts. High winds commonly made tracking impossible. The 
sky was clear at 147 contacts, partly cloudy at 75 contacts, 
. and cloudy at 65. There were 36 1985 observations during 
cooling trends, 30 during warming trends, and 179 during times 
of relatively stable temperatures. 
Habitat Use 
Because of oxygen depletion at greater depths, 
potentially utilizable habitat for pike was limited by D.O. at 
greater depths during summer. Respiratory distress at low 
D.O. triggers behavioral responses which permit pike to find 
more oxygen-rich areas (Johnson and Moyle 1969, Magnuson and 
Karlen 1970, Petros~y and Magnuson 1973, Casselman 1978). 
Headrick et ale (1982) and Headrick (1985) determined that in 
water over 30·C, the fish occupied the coolest available water 
with a D.O. of over 3.0 mg/l. Therefore my study fish in the 
main basin could have survived at a depth of at least 17 m 
throughout summer, and fish in Emerson's Bay could have lived 
at a depth of at least 7.5 m. However, the mean water depth 
in which the fish were actually found was 4.3 m. Overall, 
54.5% of the observations occurred in water between 2 and 4 m 
deep and 72.4% were between 2 and 5 m deep. If the 
observations for depth for each fish are considered repeated 
measures on a single statistical unit, then the means for 
individual fish can be used to make comparisons in depth use 
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between the sexes. The grand mean depth at which males M1-
M4 
were found was 3.45 m (range of means= 2.92-4.13 m), and the 
grand mean for females was 4.83 m (range of means= 4.13-6.31 
m, Fig. 7). There was a significant difference in depth use 
between the sexes (Wilcoxon test for unpaired dqta, U=0.5, 
P<0.05, N=8). within a sex, there was no pattern in depth use 
relative to fish size (Figs. 8, 9). 
The pike were found over a firm substrate at 37% (mean of 
individual percentages) of the observations. Females occurred 
over a firm substrate significantly more often (mean=52%) than 
did males (mean=22%) (F=5.46 d.f.=1,6, P=0.006). 
Overall, the fish were found in water shallow enough for 
macrophytes (0-7.3 m) at 91.3% of the observations (N=289) and 
were associated with macrophytes at 81% (mean of individual 
percentages) of the observations. Females were associated 
with macrophytes significantly less frequently (mean=70%) than 
were males (mean=91%) (F=7.04, d.f.=1,6, P=0.038). 
Activity 
The fish were active at 63% (mean of percentages) of the 
observations. Two factor ANOVA, controlling for differences 
in activity between daytime and night, showed that males were 
active significantly more frequently (mean=70%) than females 
(mean=57%) (F=19.1, d.f.=1,6, P<0.005). Three lines of 
evidence suggest that researcher disturbance did not 
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Figure 7. Depth use of male and female pike. 
(144 observations on four male pike, 142 
observatfons on four female pike) 
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Figure 8. Depth use of individual male pike. (144 
observations on four pike) 
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Figure 9. Depth use of individual female pike. (142 
observations on four pike) 
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artificially increase pike activity levels. First, whether a 
fish was active, and its general speed and direction of 
. travel, could usually be determined based upon the ease with 
which the boat could be maneuvered over the fish. Second, 
activity was not greater in shallower water. Third, 
vegetation/substrate sampling was done after determination of 
activity; this was the activity most likely to disturb the 
pike, but it did not. 
For each sex, activity data were placed into three groups 
according to depth of water occupied by the fish: 0-2 m 
(shallow), 2-5 m (most frequently used depths), and over 5 m 
(deep) to investigate the relationship between activity and 
depth. water depth was not associated with activity (F=1.15, 
d.f.=2,5, P=0.39). Likewise, activity was not influenced by 
the presence of vegetation (F=1.74, d.f.=1,5, P=0.24) or 
substrate type (F=1.00, d.f.=1,5, P=0.36). 
Home Ranges and Homing 
All study fish established home ranges which were 
occupied for about 2-11 months (minimum periods) (Fig. 3, 
Table 2). Mean size of 1985 home ranges in West Lake Okoboji 
was 24.5 ha, with a range of 5.4-47.8 ha (Table 2). 
Regression analysis showed a positive, though not significant, 
relationship between pike TL and home range area (r2=0.47, 
d.f.=4, P=0.13). Data from fish M1 and F3 were not used in 
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Table 2. Total number of contacts, home range sizes and 
minimum periods of residence 
Fish 
F1 
F2 
F3 
F4 
M1 
M2 
M3 
M4 
M5 
Number of 
. contacts 
48 
24 
24 
47 
8 
40 
51 
47 
5 
Home range 
size (ha) 
40.1 
47.8 
13.2 
29.3 
6.7 
5.4 
9.8 
44.0 
15.0d 
Period of residencea 
From To 
6-03-85 5-21-86 
6-03-85 8-10-85 b 
9-07-85 11-03-85 
6-11-85 8-07-85 
4-24-85 6-23-85 b 
4-21-85 6-28-85 
4-06-86 5-21-86c 
6-04-8 5-21-86 
5-02-85 4-11-86 
4-10-86 5-22-86 
---------------------------------------------------------
aWinter excluded. Spawning season for Fish F1 excluded. 
bcreeled on this date. 
cMinimum residence time of M2 in 1986. 
dArea of Upper Gar Lake. Not used in calculations. 
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this analysis because of low numbers of observations in their 
home ranges. Only two fish (M1 and M2) established home 
ranges which included their capture/release sites. Both fish 
which were displaced upon release (M3 and M4) established home 
ranges far from the release site. All females but F3 
established home ranges in the main lake basin; all the males' 
were in the bays (Fig. 3). 
Gerking (1953) suggested that populations may consist of 
"residents," animals which occupy home ranges, and "strays." 
"stray" west Lake Okoboji pike at other times occupied home 
ranges. Three pike occupied home ranges at least from early 
June through early November. Three others occupied home 
ranges for at least two months during this time. Two were 
creeled after about two months in their home ranges (Table 2). 
Fish M2 left its home range in southern Emerson's Bay in early 
July and roamed the lake for the rest of 1985 (Fig. 10). It 
again inhabited this home range in spring of 1986. Fish M4 
occupied its home range throughout 1985 and was also found in 
it during the 1986 spawning season, but it apparently 
abandoned its home range after the 1986 spawning season; the 
two subsequent contacts were made in smith's Bay. Fish F4 
initially occupied a small area along the northeast shore of 
the lake. This area was not considered a home range because 
F4 was not observed within it for two weeks before 
establishing a home range about 0.75 kID to the north. This 
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Figure 10. Locations of M2 after leaving home range in July 
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home range was occupied from early June to early August. The 
next contact with F4 was in early September in the area of 
initial contact. All remaining contacts with fish F4 (early 
October through early November) occurred in a home range about 
1.5 km south of the first home range. Only the larger, 
northern home range was used to calculate home range size 
because sampling during the period of residence in the 
southern home range was inadequate to accurately determine 
home range size. 
Fish F3 roamed the western and southern parts of West 
Lake Okoboji after its release on June 20, 1985. It did not 
establish a home range until the first week in September. 
This home range was mainly within smith's Bay. within its 
home range, F3 was associated with rock/boulder substrate more 
than the other pike. F3 was also the only fish which was 
found to leave its home range and then soon thereafter return 
to it. It was found approximately 1 km north of its home 
range on October 6, 1985, and on October 11, 1985 was again 
found inside its home range. 
Pressumptive evidence for homing (the preferential 
movement of an animal to a home area when other areas would 
seem just as likely) came from several fish. Fish M5, caught 
in Lake Minnewashta and released in the northern part of West 
Lake Okoboji, was first found 65 days later in Upper Gar Lake, 
over 8.4 km from the release site and less than 1 km from the 
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capture site. At one point M5 was within 30 m of Lake 
Minnewashta, less than 500 m from its point of capture. Upper 
Gar Lake (15.0 hal was used as its home range during at least 
a 43 day period (April 10-May 22). As noted earlier, at the 
beginning of the 1986 tracking, fish M2 was again found in its 
original home range in Emerson's Bay after having roamed 
widely in 1985, and was not subsequently found out of the 
area. Fish F1 returned to its home range at the northeast 
part of the main basin after leaving it for the 1986 spawning 
season (see "Spawning Season" below). 
Temporal Patterns 
Summertime daily patterns 
During May 30 to september 2, the pike were associated 
with vegetation significantly more often during the daylight 
hours (approximately 05:00-21:00) (mean=87%) than during the 
night (mean=61%) (F=11.59, d.f.=1,6, P=0.014). The pike were 
more active during days (mean=67%) than at night (mean=35%) 
(F=6.32, d.f.=1,6, P=0.046). When the data were split into 
hourly periods, statistical tests were not possible because of 
an insufficient number of observations. Inspection of these 
data showed crepuscular peaks in activity by males: they were 
active at 17 of 18 contacts from 05:00-08:00 and 19:00-22:00. 
No diel activity trend could be identified for females. 
Because daily behavior patterns may change with season, only 
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the summer 1985 data were used in these analyses. 
Plotting the locations of individual fish located every 
1-3 hours for a 24 hour period produced no identifiable 
patterns. Nearly the entire home range (as defined and 
delimited) of a fish was sometimes covered in the course of a 
day, but not always. Figure 11 is typical of the daily 
movements of a fish followed over a 24 hour period. 
Seasonal patterns 
I attempted to find seasonal trends in depth use, 
vegetation and substrate association, and activity. In order 
to smooth the variability seen in depth use throughout 1985, 
and thus help to se~ underlying seasonal trends, repeated 
moving medians of three consecutive observations (Tukey 1977) 
were determined for depth use for each fish. These were then 
plotted against date. Although there was a trend of movement 
to slightly deeper water by three fish between" late June and 
early September, no consistent pattern was found either 
overall or within a sex. This implies that depths occupied 
did not change seasonally in response to seasonally varying 
environmental factors such as macrophyte growth or water 
clarity. When the 1985 data were split into the nine time 
blocks to investigate seasonal changes in substrate and 
vegetation assocation, and activity, again no patterns became 
apparent. 
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Figure 11. Locations of M4 in North Bay over a 24-hour 
period. Unshaded squares denote daylight 
observations; shaded squared denote night 
observations 
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To determine if pike behavior was associated with body 
temperature, data were grouped by 3°C intervals (3-6 through 
24-27). The mean depth and percent of observations at which 
the fish were active were determined for each 3 degree group. 
No pattern in activity relative to temperature was apparent 
(males: Kendall's tau rank correlation, r=-0.42, d.f.=6, 
P=0.14i females: r=-0.34, d.f.=6, P=0.25). Regression of 
mean depth against temperature group showed a significant 
relationship for females (r2=0.62, d.f.=6, P=0.02) but not for 
males (r2=0.01, d.f.=6, P=0.80). 
Spawning season behavior 
Tracking in 1986 began four days after ice out, when the 
water temperature was 6-7°C. There were only 21 observations 
during the spawning season of 1986. Nevertheless some 
behavioral patterns did emerge. All males (M2, M3, and M4) 
were in their respective 1985 home ranges for the 1986 
spawning season, while females were quite far from their 1985 
home ranges. The females were in the bays, up to 5 km or more 
away from their 1985 home ranges. Though fish F3 and F4 were 
found only 1 and 2.5 km, respectively, from their last 1985 
observations, these values rise to over 2.0 and 5.5 km, 
respectively, if the shallows of the lake were followed in 
moving between locations, which is likely (Fabricius and 
Gustafson 1958). Both males and females were active more 
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often (19 of 21 observations) and moved at a faster rate 
during the spawning season than during other parts of the 
. year, and females moved longer distances (up to several 
hundred meters in under 5 minutes) than males. Females were 
very difficult to locate at this time and thus only eight 
observations were recorded for them during the spawning 
season. The habitats used by all fish were like those used at 
other times of the year (mean depth used=3.3 mi over a firm 
substrate at 30% of the observations). 
Size Patterns 
Since the female pike used in this study were larger than 
the males, it is po~sible that the several differences in 
behavior noted between the sexes may instead be size-related. 
These four cases, therefore, were re-examined relative to body 
size using Kendall's tau. The percent of the observations at 
which a fish was associated with a firm substrate (r=0.57, 
d.f.=6, P=0.048) and mean depth use (r=0.50, d.f.=6, P=0.08) 
were correlated with fish total length. But the percent of 
observations at which the fish were active (r=-0.07, d.f.=6, 
P=0.80) and the percent of observations at which a fish was 
associated with vegetation (r=-0.47, d.f.=6, P=O.ll) were not. 
53 
Response to Weather 
Several authors have found that pike behavior changes 
. with meteorological variables such as wind velocity or cloud 
cover (Malinin 1971, Casselman 1978, Chapman and Mackay 
1984b). Plotting depth use, and distance of West Lake Okoboji 
pike from shore, against wind velocity showed extreme 
variability and no patterns. Because wind and cloud cover, if 
they affect pike behavior, may do so by altering light 
intensity in the water, analyses of wind and cloud cover 
affects utilized only daytime data. Neither activity (F=O.74, 
d.f.=3,16, P=O.54), vegetation association (F=1.31, d.f.=3,16, 
P=O.30), nor substrate association (F=O.15, d.f.=3,16, P=O.93) 
was associated with wind velocity. Neither activity (F=1.97, 
d.f.=2,11, P=O.19) nor vegetation association (F=O.65, 
d.f.=2,11, P=O.54) was affected by cloud cover. There was 
extreme variability in depth use within a cloudtcover 
category, and no pattern for either males or females. A ten 
degree rise or fall in air temperature over a 1 to 2 day 
period did not affect vegetation association (F=O.88, 
d.f.=2,10, P=O.88) or activity (F=O.33, d.f.=2,lO, P=O.88). 
There was extreme variability in depth use within each 
category, and no pattern was apparent for either sex. 
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DISCUSSION 
Home Range 
Mark-recapture studies often find evidence of home range 
utilization by pike (e.g., Hessle in 1934, according to 
Carbine and Applegate 1948, Finke 1966, Makowecki 1973, 
Chihuly 1979). However, because of low numbers of 
observations on individual animals, mark-recapture studies are 
not well suited to the study of home range. Telemetry 
studies, which are better suited to the study of individual 
animals, have produced conflicting results regarding home 
range use. Malinin (1969, 1971) found that pike restricted 
their movements to home ranges of several hundred meters in 
diameter. His results, though, are inconclusive because of 
the short functional life of the transmitters used (about two 
days). Diana et ale (1977), Diana (1980), Chapman and Mackay 
(1984b), and Cook and Bergersen (1988), with the use of more 
long-lived transmitters, all determined that pike do not 
restrict their movements to home areas. The use of home 
ranges of 5.4 to 47.8 ha by West Lake Okoboji pike supports 
the findings of Ross and winter (1981), Headrick (1985), and 
Margenau (1986), who found evidence of home ranges of from 20 
square meters to 33 ha while using telemetric techniques. 
The failure of Diana et ale (1977), Diana (1980), Chapman 
and Mackay (1984b), and Cook and Bergersen (1988) to find home 
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ranges while utilizing long-lasting transmitters resulted 
mainly from restrictive definitions of home range. Most pike 
. in these four studies restricted their movements to home 
ranges as defined in the present study. Cook and Bergersen 
(1988) defined home range as "that area in which it [an 
animal] normally lives (exclusive of migrations and erratic 
wanderings) throughout its lifetime." This definition does 
not allow for seasonal home ranges, the possibility of 
abandonment of a home range for another, and the fluctuating 
nature of home ranges in general (Burt 1943). Diana et ale 
(1977), Diana (1980), and Chapman and Mackay (1984b) did not 
explicitly define home range, but observed movements 
restricted to areas of about 0.25 to 3.0 km in diameter in 
most pike studied during the open water season. Failure to 
find home range in some individuals may also have resulted 
from the time of year at which their studies were conducted. 
The relatively greater movements of female pike immediately 
after the spawning season observed by Chapman and Mackay 
(1984b) may have been due in part to post-spawning behavior 
such as observed in west Lake Okoboji females. Makowecki 
(1973) had earlier determined through a mark-recapture study 
that pike in the same lake did occupy home ranges. Two fish 
studied by Diana (1980) ranged over significantly larger 
areas. However he did not state whether the pike were 
released near their capture locations, so long range movement 
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may have been due to homing, as observed in fish M5 in the 
present study. Because these fish were tracked in late winter 
. and early spring, spawning related movements may have 
increased the total area covered by these fish also. 
Home range use provides an animal with several benefits. 
Dispersing animals have a higher death rate tha~ those 
occupying a home range (Wittenberg 1981). Home range use 
permits an animal to become familiar with its surroundings, 
and thus learn the location of high quality feeding patches 
(Wittenberg 1981). Home range use may also allow an animal to 
learn an efficient method of hunting locally abundant prey or 
in local habitats. For example, individual bluegills which 
act as habitat and trophic specialists have higher foraging 
efficiencies and growth rates than conspecifics with more 
varied foraging behavior and habitat use (Werner et al. 1981). 
Home range use by pike may also function to increase foraging 
efficiency and thus growth rate. It has been shown in an 
Illinois lake that the three major prey species in West Lake 
Okoboji - yellow perch, bluegill, and pumpkinseed - typically 
occupy home ranges of approximately 1 ha (Fish and Savitz 
1983); this provides the temporal and spatial predictability 
necessary for home range use to be advantageous to predators 
of these species. In systems with a more mobile prey base, 
home range use may be maladaptive due to uncertain prey 
availability in restricted areas (Pyke et al. 1977, Krebs and 
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McCleery 1984). 
"Straying" behavior may be related to searching for a 
more suitable foraging area as a fish grows. Gerking (1953) 
noticed that larger longear sunfish were more likely to change 
feeding territory location, even though smaller fish would be 
less successful in competing for territories. This suggests 
that the relative quality of an area changes for an individual 
as it grows, eliciting a change in home area. "straying" West 
Lake Okoboji pike inhabited restricted areas for several days 
at a time. That these short-term retrictions of movement are 
not defined here as representing home ranges is arbitrary. 
However, they probably serve the same functions as more long-
term home range use. Walleye (Pitlo 1978) and muskellunge 
(Miller and Menzel 1986b) in West Lake Okoboji sometimes 
"strayed" for several days at a time, immediately returning to 
their home ranges afterwards. These brief episodes, termed 
"excursions" by pitlo (1978) and Miller and Menzel (1986b), 
appear to be related to the movements of large schools of prey 
fish (Miller and Menzel 1986b). An excursion by a pike was 
observed only once (by Fish F3). However, they may have been 
more common because the pike were very difficult to locate 
when traveling outside of their home ranges. 
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Diel and Seasonal Behavior Patterns 
Diel variation in behavior 
During summer of 1985, pike in west Lake Okoboji were 
more often associated with vegetation during daylight than at 
night. Cook and Bergersen (1988) found pike in deeper water 
at night than during the day. No other authors have found 
evidence of diel variation in habitat selection by pike. In 
contrast, other large freshwater piscivores such as walleye 
(Carlander and Cleary 1949, Sieh and Parsons 1950, Johnson and 
Hale 1977, Ali et ale 1977, pitlo 1978) and muskellunge 
(Miller and Menzel 1986a) have been found to exhibit diel 
variation in habitat selection. Walleye movement inshore at 
dusk is related to the relative visual acuity of walleye and 
their prey: the walleye eye is adapted for vision in low 
light while their prey's visual performance decreases and they 
become easier to capture (Ali et ale 1977). Negative 
phototaxis results in movement toward deeper or vegetated 
areas as light intensity increases (Ryder 1977). The daily 
movements of muskellunge in early summer in west Lake Okoboji 
are probably related to the feeding strategy employed under 
conditions of high water transparency and relatively low 
macrophyte height (Miller and Menzel 1986a). 
Just as diel habitat use patterns by both walleye and 
muskellunge result from differing foraging efficiencies in 
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relation to light intensity, the greater use of vegetation 
during daylight than at night among west Lake Okoboji pike 
. probably also is due to responses to light intensity. Upon 
detection of a predator the behavior of prey fishes changes, 
lowering their susceptibility to predation (Charnov et ale 
1976, Levesley and Magurran 1988, Magurran and Higham 1988). 
Pike concealed in vegetation are not generally detected by 
prey fishes, and this concealment results in prey moving 
closer to the pike, which in turn increases the pike's 
predation success (Christiansen 1976). Moreover, during 
daylight the decreased relative ability of prey fishes to see 
a predator in a shaded area, as compared with the predator's 
ability to see the prey in the sunlit area, should increase 
predator foraging efficiency (Helfman 1979). Christiansen 
(1976), Chapman and Mackay (1984a), and Headrick (1985) 
reported that pike often inhabit the edges of macrophyte beds 
and other objects affording cover during daylight. Pike 
concealment is probably more important for daytime than 
nighttime foraging. At night, perch, for example, become 
quiescent and more susceptible to predation as their visual 
performance diminishes with decreasing light intensity (Ali et 
ale 1977). Nighttime reduction of ambient light by vegetation 
may even interfere with foraging of pike, promoting use of 
less vegetated areas. 
West Lake Okoboji pike were more active during daytime 
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than at night, but activity was observed at over one third of 
nighttime contacts as well. Diel patterns of feeding 
intensity and activity of pike in other studies were variable, 
although most studies found very low levels of activity at 
night. In general, crepuscular (Malinin 1970b, Poddubnyi et 
ale 1970) or diurnal (Carlander and Cleary 1949, Toner and 
Lawler 1969, Malinin 1969, 1971, Diana 1980, Margenau 1986) 
patterns of activity were observed. Because pike are able to 
avoid capture in gillnets under brighter light conditions 
(Chihuly 1979, Malinin 1970a) the conclusions of Ivanova 
(1969), Lawler (1969), and Casselman (1978) that pike are 
mainly nocturnal may be erroneous. But Cook and Bergersen 
(1988) and the present study present more reliable evidence 
that pike activity does not always cease at night. Local 
variation in extent of nocturnal activity may result from such 
factors as water transparency, nature of the prey base, or 
available light at night. 
Spawning season behavior 
Both sexes exhibited increased activity during the 1986 
spawning season relative to 1985 levels. Carbine and 
Applegate (1948) and Miller (1948) reported rapid movement 
over long distances during the spawning season, although 
neither investigated differences in movements between the 
sexes. The males' 1985 home ranges in west Lake Okoboji were 
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less than 1 km from spawning habitat, while the females' 1985 
home ranges were located 2 km or more from such areas. While 
.males were located within their 1985 home ranges at this time, 
females were located up to 5.5 km from their 1985 home ranges. 
Females were observed moving rapidly over distances of 
approximately 1 km, but general directional movement patterns 
could not be determined. Intense searches of these areas on 
subsequent days usually did not result in contacts with 
females, indicating that they did not remain in these areas. 
Because pike spawn in temperatures as low as 2°C (June 
1971) and West Lake Okoboji pike were never observed in the 
shallow, vegetated, nearshore areas which typify spawning 
habitat (Finke 1966, Franklin and Smith 1969), spawning may 
have occurred prior to commencement of spring 1986 tracking. 
If spawning had already occurred, then males must have 
preceded females in returning to their respective 1985 home 
ranges due to the relative proximity of those areas to 
spawning habitat. 
Alternatively, early spring tracking may have ceased 
prior to spawning. In this case, however, it is difficult to 
explain why the males remained within their home ranges, 
because typical spawning habitat did not occur in these 
locations. 
In either case, the greater distances from spawning 
habitat to the females' home ranges than to the males' may 
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explain the sex ratio of pike caught in spring gill netting 
operations. Female pike are much more common in gill net 
catches during the spawning season than are males (Wallace 
Jorgensen, Iowa Department of Natural Resources, pers. comm.). 
I believe the' relative scarcity of males in the catch results 
from males traveling shorter distances between their home 
ranges and spawning habitat, thus having a lower probability 
of encountering the nets, which are generally set in the major 
bays or main basin. capture of greater numbers of male pike 
requires greater effort in and near spawning habitat. 
Seasonal variation in behavior outside the spawning season 
Seasonal shifts in pike food habits, habitat use, 
vulnerability to capture, and activity are sometimes observed. 
Food habit variations appear to result from habitat shifts by 
the prey species rather than changes in pike foraging sites or 
prey preference. Frost (1954) found that the main prey of 
pike in Lake Windermere, England, was European perch (Perca 
fluviatilis) from May to October. Brown trout (Salmo trutta) 
constituted the main prey at other times of the year. The 
occurrence of the arctic char (Salvelinus alpinus) in the diet 
was also seasonal. This prey consumption pattern resulted 
from habitat shifts by these three prey species. Consumption 
of cisco (Coregonus artedii) and white sucker (Catostomus 
commersoni) by pike in Kakisa Lake, Northwest Territories, 
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also is dependant on seasonally varying habitat use by the 
prey species (Christiansen 1976). Consumption of a particular 
species in both of these cases depends on its occurrence in 
shallow water. Habitat use by pike remained relatively 
constant, and apparently was not related to the seasonal 
movements of preferred prey species. 
Several studies have reported that pike in deep lakes 
shift their habitat usage from littoral areas in the warm 
season to deeper water after ice formation (Diana et ale 1977, 
Margenau 1986, Cook and Bergersen 1988). There is little 
evidence of seasonal variation in habitat use at other times 
of the year. Chapman and Mackay (1984a) noted a change in 
pike location after autumn turnover began in Twin Lakes, 
Alberta. They believed that the pike moved to locations over 
20 m in depth. No similar results have been obtained in any 
other study, including this one. 
Do pike move to deeper water in summer? Eddy and 
Underhill (1974) proposed that pike may inhabit deep water 
during the-summer as a response to high surface water 
temperature. Articles in popular publications also often 
claim that pike move to deeper, cooler water in summer. 
However, evidence for depth use change in summer is very 
scarce. In Lake Geneva, Wisconsin, Nelson and Hasler (1942) 
caught pike mainly in 6 to 12 m of water in summer, but they 
did not sample the shallow water in which pike are most 
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commonly found. Dymond (1926) caught pike mainly in water 20 
to 30 m deep, in late summer, in Lake Nipigon, ontario. But 
Lake Nipigon is cold, and optimal temperatures for pike growth 
occur at 19-24°C (Casselman 1978). Growth rates may not be 
greatly reduced until temperatures rise above 27°C (Diana 
1987), and in two shallow, southern Ohio reservoirs, pike did 
not seek cooler water until the temperature reached 30°C 
(Headrick et ale 1982). Threinen et ale (1966) stated that 
during summer months pike seek cool water near springs and 
seeps, rather than moving to deep water. However no data were 
provided to support this claim, and this too seems unlikely in 
light of the findings of Diana (1987) and Headrick et ale 
(1982). In West Lake Okoboji there was a positive 
relationship between pike body temperature and average depth 
of water inhabited by three female pike. This cannot be 
considered a response to high temperature in shallow water, 
though, because these fish also frequented shallower areas, 
and West Lake Okoboji was nearly isothermal in the optimal 
temperature range (Casselman 1978) down to at least 13 m 
during summer. 
It is unlikely that pike select cooler waters in summer 
through most of its range, or even that a movement toward 
deeper water in summer actually occurs. Most of the remaining 
evidence for such a trend appears to come from angling 
records. Angling, though, may produce biased results 
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concerning fish distribution because of differential capture 
efficiencies in various habitats (viz., reduced efficiency in 
thick vegetation). Information gathered by anglers may also 
be misleading because catches by sport anglers often reflect 
angler behavior rather than that of the fish. For example, 
anglers often believe that largemouth bass spend the mid-day 
hours in deep water during the summer, moving into shallow 
water to feed at dawn and dusk. In actuality largemouth bass 
may be in water as shallow as 0.6 m at midday (Winter 1977). 
Seasonal variations in muskellunge catches in West Lake 
Okoboji (Miller and Menzel 1986a) also reflect the inability 
of anglers to track fish movements. 
Pike activity levels and feeding intensity may vary 
seasonally, although few patterns are consistent among past 
studies. Fasts occur at spawning time (Frost 1954, 
Christiansen 1976, Diana 1979), while high foraging rates 
occur from May to October, peaking in June, in Lac Ste. Anne, 
Alberta (Diana 1979).- Using ultrasonic telemetry, Diana 
(1980) found no differences in activity between times of ice 
cover and open water. However gill net C.P.U.E. was higher in 
May and June than in other months. Maximal feeding rates in 
Lac ste. Anne, then, occur at times of highest activity. 
Similarly, Cook and Bergersen (1988) found greatest pike 
activity during spawning in April and May in Eleven Mile 
Reservoir, Colorado. Activity was intermediate in June and 
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relatively low July to October. This may be related in part 
to water temperature. Casselman (1978) had greatest gill net 
C.P.U.E. at 15 to 17·C, while smaller pike in aquaria were 
most active at 19 to 20·C. These temperatures are near the 
thermal optima for growth (Casselman 1978). My results 
support two other telemetry studies (Diana 1980, Headrick 
1985), in that no seasonal patterns in activity could be 
determined. I did not sample extensively during the post-
spawn period, and so the relatively high activity levels 
observed by Diana (1980) and Cook and Bergersen (1988) cannot 
be corroborated by my data. 
According to Casselman (1975), males and females may 
differ in their seasonal patterns of activity. Ivanova (1969) 
found that diets of males and females differ at certain times 
of the year. These studies support the idea that the sexes 
behave differently, although it may be size rather than sex 
itself causing these differences. Nelson and Hasler (1942), 
Grimm (1981), and Chapman and Mackay (1984a) all found that 
habitat use changes with fish size. In West Lake Okoboji, 
females showed a tendency to inhabit deeper water during 
summer, although males did not. If distinct seasonal behavior 
patterns exist for each sex, as found for West Lake Okoboji 
pike near the spawning season and perhaps in summer, then the 
methods used to determine seasonal patterns can influence 
results. Selection of large, i.e., female, fish for telemetry 
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studies may produce different results than if males were used. 
Gill netting studies may be similarly affected by mesh size 
. selection. 
Habitat 
The habitat available to pike during the ice-free season 
is sometimes limited by low dissolved oxygen concentration and 
high temperature (Petrosky and Magnuson 1973, Casselman 1978, 
Headrick 1985, Diana 1987). within these limits, vegetation 
and depth appear to be most important in habitat choice 
throughout the pike's range, but other factors also are 
influential. 
Because smaller pike may need to remain undetected by 
both prey and larger predators, vegetation serves a dual 
function by providing concealment from both prey and 
predators. Predation risk may have been a factor in the 
habitat selection of several West Lake Okoboji pike, 
especially M1. When creeled, M1 showed signs of having 
recently escaped from a larger predator: missing scales and 
open wounds in the mid-body region. Other pike of similar 
size in the same area of the lake also showed such signs 
(pers. obs.), indicating that predation risk was high. 
Chapman and Mackay (1984a) and Grimm (1981) both found small 
pike restricted to vegetated areas. The greater use of 
vegetation by male pike in West Lake Okoboji, as compared with 
68 
the females, could be a response to differential predation 
risk between fish of different sizes as shown for other 
. species (Werner et ale 1977, 1983a, Mittelbach 1981, 1984, 
1986). In west Lake Okoboji, large muskellunge inhabit the 
bays, but are generally found at greater depths (Miller and 
Menzel 1986a). These muskellunge may restrict smaller pike 
(males in this study) to shallower, more heavily vegetated 
habitats. 
west Lake Okoboji was nearly isothermal to at least 13 m 
throughout this study (Fig. 4), so selection of habitat on the 
basis of temperature was unlikely. Likewise, dissolved oxygen 
concentration was adequate to the same depths. 
In only two studies has preference for substrate type by 
pike been investigated. Chihuly (1979) reported that optimal 
habitat for pike included a muddy substrate, while Chapman and 
Mackay (198~b) found that pike prefer sand or rock substrates. 
No estimate of substrate type abundance, in the depths used by 
the pike, are available for west Lake Okoboji, so overall 
substrate preference could not be determined. But a 
difference in substrate association between the sexes was 
found. This appears to have no biological significance. 
Instead, substrate association results from home range choice, 
which is determined mainly by prey distribution, depth, and 
vegetation presence. 
Makowecki (1973) believed that vegetation qualities 
69 
determined the distribution of pike in Seibert Lake, Alberta. 
Chihuly (1979) also believed that vegetation determines the 
. distribution of pike in Lake Aleknagik, Alaska. But habitat 
choice is not necessarily based upon single factors. Chapman 
and Mackay (1984b), Dymond (1926), Nelson and Hasler (1942), 
and Grimm (1981) found pike in unvegetated areas more often 
than would be expected if vegetation was primarily responsible 
for determining pike habitat choice. The lack of predictable 
seasonal changes in habitat use and behavior during the open 
water season, in this study and others done to date, also 
indicates that seasonally variable environmental factors, such 
as vegetation, are not solely responsible for pike habitat 
choice. 
Habitat selection based primarily upon depth also is 
unlikely. Though shallow water is most commonly inhabited by 
pike, Dymond (1926), Nelson and Hasler (1942), Kipling and 
Frost (1970), Chihuly (1979), Chapman and Mackay (1984b), 
Vollestad et al. (1986), and the present study have shown that 
pike will abandon shallow areas for varying lengths of time. 
west Lake Okoboji pike mainly occupied water 2-5 m in 
depth. In other studies, depths of primary use have been 
0-1.5 m to 0-6 m (Carlander and Cleary 1949, Diana et al. 
1977, Chihuly 1979, Diana 1980, Ross and Winter 1981, Chapman 
and Mackay 1984a, 1984b, Margenau 1986). Dymond (1926), 
Kipling and Frost (1970), and Vollestad et al. (1986) also 
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reported littoral distribution of pike. Differences in depth 
use between studies may partially be due to reporting method 
and methodology. But true differences in depth use surely 
exist, resulting from differences in the size of the pike 
studied, depth of vegetation growth, water clarity, nature of 
local prey bases, and competitive interactions with sympatric 
predators. 
While neither shallow depth nor vegetation presence 
appears to be more important in influencing pike location, in 
nearly every study, including the present one, pike were most 
frequently found in vegetated areas less than 6 m in depth 
(Dymond 1926, Carlander and Cleary 1949, Kipling and Frost 
1970, Malinin 1971, Makowecki 1973, Diana et ale 1977, Chihuly 
1979, Diana 1980, Grimm 1981, Ross and winter 1981, Chapman 
and Mackay 1984a, 1984b, Margenau 1986, Vollestad et ale 
1986). Shallow, vegetated locations provide the greatest 
abundance, diversity, and production of prey. Shallow water 
also provides greater light intensity which, in conjunction 
with vegetation or other structural components of the 
environment, may be important to visual, lunging predators 
such as pike (Christiansen 1976, Helfman 1979). Abundance of 
prey, and the physical components of shallow environments 
which favor the strike tactics of esocids over other predation 
strategies are probably responsible for the habitat use 
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patterns of pike. 
Competitive Interactions 
In west Lake Okoboji, female pike inhabited deeper water, 
were associated with a firm substrate more often, and were 
associated with macrophytes less often than males. 
Differences in habitat use between the sexes have been 
discovered in bluegill, redear sunfish (Lepomis microlophus) 
(Lambou 1963), and yellow perch (Sandheinrich and Hubert 
1984). Such differences may result from dissimilar habitat 
preference or thermal preference, and this spatial segregation 
has been interpreted as a mechanism important in reducing 
interspecific competition (Magnuson et ale 1979, Brandt 1980, 
Sandheinrich and Hubert 1984). Differing habitat or thermal 
preferences, however, are unlikely to have caused the habitat 
use patterns observed in west Lake Okoboji pike. Niche 
partitioning based upon habitat segregation results from 
competitive interactions and requires that each group, in this 
case each sex, more successfully compete for resources in some 
habitat (Keast 1977, Werner and Hall 1976, 1977, 1979, 
Schoener 1982, Mittlebach 1984, Werner 1984). Because no 
evidence exists suggesting that the relative foraging 
efficiencies of male and female pike varies along any habitat 
axis, individuals of both sexes probably inhabit with equal 
success all locations occupied by pike in this study. The 
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lack of evidence for unequal thermal preference between the 
sexes, and the near isothermal condition of west Lake Okoboji 
through the depths occupied by the pike, makes habitat 
segregation due to thermal preference unlikely also. I 
believe the differences in habitat use and home range location 
between male and female pike result from size differences and 
predator-prey relationships rather than differences in habitat 
preference. Differences in habitat use between male and 
female northern longear sunfish (Lepomis megalotis peltastes) 
also have been found to result from size differences between 
the sexes (Laughlin and Werner 1980) . 
Yellow perch is probably the main prey of West Lake 
Okoboji pike. Pike are relatively inefficient predators of 
bluegill (Snow 1974, Colby et al .. 1987), and yellow perch are 
more preferred prey than the centrarchids (Seaburg and Moyle 
1964, Johnson 1969, Mauck and Coble 1971) and ictalurids 
(Mauck and Coble 1971, weithman and Anderson 1977) which, 
along with yellow perch, form the prey base in West Lake 
Okoboji. Where sympatric with pike, yellow perch or the 
nearly identical European perch (Thorpe 1977) is usually the 
major prey of pike unless a sUbstantial salmonid population 
also is present (Allen 1939, Frost 1954, Seaburg and Moyle 
1964, Lawler 1965, Threinen et al. 1966, Johnson 1969, Johnson 
1977, Casselman 1978, Diana 1979, Kipling 1983, 1984). 
In Seibert Lake, Alberta, the growth rate of pike varies 
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among locations several km distant from each other (Makowecki 
1973). If we assume this results from differences in the prey 
.base between these locations, then the habitat use patterns of 
pike in west Lake Okoboji may be expected to reflect the 
habitat use of yellow perch in the lake if home range choice 
is related to feeding. 
optimal foraging theory, in conjunction with the 
energetics modelling studies by Diana (1979, 1987) would 
predict certain relationships between the distributions of 
yellow perch and pike size classes. Growth rate, and thus 
potential reproductive output in fishes, can be increased by 
appropriate niche shifts (Mittelbach 1981, 1986, Werner et al. 
1983b, Werner and Gilliam 1984). In pike, growth rate is 
related to the mean food size consumed (Diana 1979, 1987, Hart 
and Connellan 1984, Kipling 1984). The loss of relatively 
rare, large prey items can reduce growth by up to 80% over 
three years (Diana 1987). Growth rate may also be greatly 
reduced by slight decreases in total food intake; a decrease 
of food intake of 10% can reduce growth by up to 51% over 
three years (Diana 1987). Although larger prey permits 
greater growth rates, pike jaw width limits the size of prey 
it can swallow (Christiansen 1976, Hart and Hamrin 1988). 
Average prey size can therefore be expected to increase with 
pike size as individual morphology permits the consumption of 
larger prey. Average prey size consumed does commonly 
74 
increase with pike size (Allen 1939, Frost 1954, Popova 1967, 
Johnson 1969, Christiansen 1976, Diana 1979, Mann 1982, Keast 
1985). We may predict, then, that a pike's location may be 
related to its size and the location of perch of appropriate 
size. In fact, the distribution of the pike in West Lake 
Okoboji does parallel that of yellow perch. Sandheinrich and 
Hubert (1984) found that the largest size classes of yellow 
perch tended to inhabit the main basin of West Lake Okoboji. 
The smallest size classes of y~llow perch generally inhabit 
the subembayments, while intermediate size classes most 
commonly inhabit the major bays (Sandheinrich and Hubert 
1984). Meyer (1986) found similar distributions of yellow 
perch in West Lake Okoboji at the same time this study was 
conducted. 
The role, if any, which competition plays in influencing 
the habitat use patterns of adult West Lake Okoboji large 
predators - walleye, smallmouth bass, largemouth bass, 
muskellunge, and pike - is difficult to discern. As with 
pike, yellow perch is probably the main prey of West Lake 
Okoboji walleye (based on research elsewhere) (Seaburg and 
Moyle 1964, Fedoruk 1966, Swenson and smith 1973, Ali et ale 
1977, Johnson 1977, Nielsen 1980, Einhouse 1981, Mills et ale 
1987). Although habitat and prey use by walleye (Pitlo 1978) 
and pike in West Lake Okoboji is similar, they may differ in 
the size of prey consumed, and the timing and location of 
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feeding. Walleye diets frequently consist of large numbers of 
age 0 and age 1 yellow perch (Ali et ale 1977, Nielsen 1980, 
Einhouse 1981, Mills et ale 1987). However, walleye as large 
as those studied by pitlo (1978) may consume significant 
numbers of older perch (Nielsen 1980). Walleye feeding occurs 
at night, very near shore or at the deep edge of macrophyte 
beds in West Lake Okoboji (Pitlo 1978). Pike foraging is 
probably most efficient during daylight. There was no diel 
variation in depth use by pike, so feeding must have occurred 
mainly in the 2-5 m depths in which the pike were most 
frequently found. So although overlap of food resources 
between adult walleye and pike may be great in terms of 
species and size, temporal and spatial segregation of feeding 
may reduce the degree of competition between them (Charnov et 
ale 1976, Keast 1977). 
The diet of muskellunge may consist largely of yellow 
perch also (Hourston 1952, Wahl and stein 1988), although 
there is evidence suggesting muskellunge diet may be broader 
than those of pike and walleye (Hourston 1952, Einhouse 1981). 
Walleye and muskellunge apparently do not adversely affect 
each other's growth or population size (Einhouse 1981, 
Mooradian et al. 1986), which suggests that their diets differ 
significantly. Muskellunge are frequently suspended in the 
water column (Parsons 1959, Miller and Menzel 1986a), while 
pike are generally close to the substrate (Ross and winter 
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1981, Chapman and Mackay 1984a, Vollestad et al. 1986); their 
feeding strategies and thus prey choice may differ also (Keast 
1977). Depths used by west Lake Okoboji muskellunge (Miller 
and Menzel 1986a, 1986b) were deeper than those of pike and 
walleye. Overlap in food resource use by adult pike, walleye, 
and muskellunge in West Lake Okoboji does not appear to be 
great, but whether this results from niche shifts due to 
competition as seen in several centrarchids (Werner and Hall 
1976, 1977, 1979, Keast 1977) is unknown. 
Habitat use by adult smallmouth bass in West Lake Okoboji 
does not appear to be influenced by competition with the other 
large predators. Anglers catch adult smallmouth bass mainly 
from lightly vegetated rock shoals in six to nine meters of 
water, which is typical of smallmouth bass habitat (Clady 
1974, Johnson and Hale 1977, Pflug and Pauley 1984, Gerber and 
Haynes 1988). The diet of smallmouth bass in these rocky 
areas usually consists largely of crayfish (Fedoruk 1966, 
Clady 1974, Hubert 1977, Johnson and Hale 1977, Pflug and 
Pauley 1984). Competition with adult pike, muskellunge, and 
walleye is therefore minimal. 
Largemouth bass habitat and food preference in West Lake 
Okoboji have not been studied. Largemouth bass probably 
inhabit the shallowest water of any of the five large 
predators in West Lake Okoboji (Werner et al. 1977, winter 
1977) and consume relatively small prey (Keast 1985). 
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Competition between adult largemouth bass and other adult 
predators is probably also minimal. 
Competitive interactions between adults of West Lake 
Okoboji's large piscivores may be greatly reduced through 
harvest of these species. Although adult pike, muskellunge, 
walleye, smallmouth bass, and largemouth bass appear to avoid 
intense interspecific competition, competition may still 
adversely affect one or more of these species at smaller sizes 
(Werner and Gilliam 1984). In order to better understand the 
interactions between these species in West Lake Okoboji and 
elsewhere, and the role which stocking may play in competitive 
interspecific interactions, future researchers should 
investigate relationships between size and food habits 
(especially for muskellunge), the distribution of prey fishes, 
and the habitat use of smallmouth bass and largemouth bass. 
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CONCLUSIONS 
1 - west Lake Okoboji pike preferred vegetated waters 2 to 
5 m in depth, but also utilized deeper and unvegetated 
areas. Habitat use was not constrained by temperature or 
low dissolved oxygen concentration. 
2 - All pike occupied home ranges ranging from 5.4 to 47.8 
hectares, for minimum periods of 2 to 11 months. Choice 
of home range location was related to the location of 
appropriately-sized prey: large, intermediate, and small 
pike are found in the same locations as large, 
intermediate, and small yellow perch, respectively. Horne 
range use may allow pike to learn the locations of high 
quality feeding patches, and how to hunt within these 
patches. 
3 - Evidence for homing came from three fish. A female 
returned to its horne range after a spawning migration. A 
male which abandoned its horne range in early July, 1985 
again occupied it in spring of 1986. Another male was 
captured in a different lake of the Iowa Great Lakes 
system and released in the northern part of west Lake 
Okoboji. It travelled at least 8.4 krn through three 
lakes, and was observed within 500 m of its original 
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point of capture . 
. 4 - Differences in habitat use between the sexes were related 
to size differences and the resulting differences in horne 
range choice. The larger (female) pike's horne ranges 
were in the main basin of the lake where deep water and 
firm substrate are more common and vegetation is less 
prevalent. Depth use of the smaller male fish may also 
have been constrained by predation risk. 
5 - The pike were active (moved 10 m or more in 15-20 
minutes) at 63% of the observations. Activity was not 
influenced by water depth, substrate type, or the 
presence of vegetation, suggesting that foraging occurred 
in all habitat types and was most intense in habitats 
where pike spend the greatest amount of time. 
6 - During summer, the pike were active and associated with 
vegetation more during daylight than at night. Males 
showed early morning and late evening peaks in activity. 
This diurnal increase in vegetation association and 
activity is probably related to changing foraging 
strategies under light and dark conditions. During the 
day, use of shadows produced by vegetation allows pike to 
remain undetected by prey fishes, increasing foraging 
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success. At night, vegetation may be avoided due to 
already low light intensity. 
7 - Pike behavior was independent of meteorological 
conditions. Hence, weather-related changes in habitat 
choice noted in other studies cannot be corroborated. 
8 - Although differences in prey species and size 
preferences, feeding locations, and feeding times appear 
to reduce competition among adults of the large predatory 
fishes in West Lake Okoboji, research is needed to 
determine if competitive interactions adversely affect 
these species at smaller sizes. 
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APPENDIX 
List of Fishes of West Lake Okoboji 
Common name 
Longnose gar 
Shortnose gar 
Northern pike 
Muskellunge 
Golden shiner 
Spottail shiner 
Sand shiner 
Common shiner 
Red shiner 
Bigmouth shiner 
Bluntnose minnow 
Fathead minnow 
Creek chub 
Suckermouth minnow 
Brassy minnow 
Common carp 
Smallmouth buffalo 
Bigmouth buffalo 
White sucker 
Trout-perch 
Tadpole madtom 
Yellow bullhead 
Black bullhead 
Channel catfish 
White bass 
Largemouth bass 
Smallmouth bass 
Bluegill sunfish 
Pumpkinseed sunfish 
Green sunfish 
Black crappie 
Yellow perch 
Walleye 
Logperch 
Iowa darter 
Johnny darter 
Freshwater drum 
Scientific name 
Lepisosteus osseus 
Lepisosteus platostomus 
Esox lucius 
Esox masguinongy 
Notemigonus crysoleucus 
Notropis hudsonius 
Notropis stramineus 
Notropis cornutus 
Notropis lutrensis 
Notropis dorsalis 
Pimephales notatus 
Pimephales promelas 
Semotilus atromaculatus 
Phenacobius mirabilis 
Hybognathus hankinsoni 
Cyprinus carpio 
Ictiobus bubalus 
Ictiobus cyprinellus 
catostomus commersoni 
Percopsis omiscomaycus 
Noturus gyrinus 
Ictalurus natalis 
Ictalurus melas 
Ictalurus punctatus 
Morone chrysops 
Micropterus salmoides 
Micropterus dolomieui 
Lepomis macrochirus 
Lepomis gibbosus 
Lepomis cyanellus 
Pomoxis nigromaculatus 
Perca flavescens 
stizostedion vitreum 
Perc ina caprodes 
Etheostoma exile 
Etheostoma nigrum 
Aplodinotus grunniens 
